On October 29, 2012, Hurricane Sandy rolled over the most populated metropolis in the United States, killing more than a hundred people, cutting power to millions of homes and businesses, devastating coastal communities, and causing upward of $70 billion in damages in New York and New Jersey, according to estimates by the governors of those states. Coming at the end of an election season during which sustainability had barely been mentioned by either presidential candidate, the storm had a political and cultural impact as well: Just days afterward, New York City Mayor Michael Bloomberg endorsed President Obama largely on the grounds that he might pursue climate friendly policies.
Sandy brought into sharp focus the alarming risks modern society faces from what scientists identify as climate change, as well as the importance of its complement, resilience, a sometimes neglected aspect of sustainability-itself a fluid term since it was defined in 1987 by the Brundtland Commission. 1 The storm also highlighted the power of cooperation-as well as the impotence of communities in its absence.
As author Andrew Zolli pointed out in a New York Times op-ed 2 a few days after the storm, lower Manhattan was home to scores of LEED-certified efficient buildings that paradoxically had no plan to provide backup power in the event of a disruption. For Zolli and other observers, the recent catastrophe offers an opportunity for new dialogue about explicitly and consistently integrating resilience thinking into the sustainability paradigm, highlighting the need for managing the risks to the environmental, social, and economic pillars of sustainable development.
As Ohio State University's Center for Resilience describes it, "resilience-resisting disorder-may be the key to global sustainability. " 3 In this paradigm, sustainability is understood not as "a utopian endstate" but as "an attribute of dynamic, adaptive sysThe Sustainability-Social Networking Nexus tems that are able to flourish and grow in the face of uncertainty and constant change. " 3 Just as the concept of sustainability has undergone continual re-evaluation, if it is to remain vital and useful, it might well more explicitly and consistently incorporate the principles of risk management and resilience planning in order to embrace ever-changing, dynamic adaptation.
While there are many approaches to integrating such principles, we believe that one of the most potentially beneficial opportunities lies in the stillemerging social networking, media, and data revolution, mainly because of its promise of new ways to communicate, collaborate, cooperate, share, and distribute things like work, power, ideas, goods, and services within and across communities.
What Is Resilience?
The concept of resilience as a function of socialecological systems is credited to Buzz Holling, a professor of ecological sciences at the University of Florida, who introduced it in a landmark 1973 study. 4 Holling was known for recognizing the importance of nonlinear dynamics, adaptive cycles, and nested hierarchies in resilient ecosystems. These characteristics help describe the way an ecosystem can be dynamic and ever-changing, and yet able to "absorb disturbance and still retain its basic function and structure. " 5 In a 2002 study, Carl Folke and his co-authors described resilience in the social-ecological context as "the magnitude of shock that the system can absorb and remain within a given state; the degree to which the system is capable of self-organization, and the degree to which the system can build capacity for learning and adaptation. " 6 We believe that with a conscious focus on the goals of sustainability and resilience, social networking can facilitate a more adaptive response to stresses Key features of Web 2.0, social networking, and social media evoke those characteristics of resilient eco-social systems; self-organization, capacity for systems thinking, and adaptation likewise characterize emerging online social networks. These new possibilities represent a radical departure from topdown, centralized paradigms and planning.
Similarly, just as resilience planning is a crucial response to risk in the social-ecological system, social networking must also anticipate inherent risks that can be countered by resilience.
Social Networking and Efficiency
Observers of the sustainability movement continue to pay significant attention to efficiency-improving technology (including new building materials, hybrid cars, efficient lighting and appliances, and other new high-tech developments), as well as to clean energy (solar, wind, tidal). Such innovations tend to assume that end-user behavior is likely to remain more or less the same no matter what, so that technological efficiency is all that is needed to transition seamlessly to a sustainable society.
So-called "green consumerism" represents a significant and growing niche that potentially could change consumer behavior insofar as the consumer actively chooses a different product or brand based on a preconceived idea of eco-credentials.
Yet what might change behavior more radically is the potential of consumer sharing and related activities, exemplified by a new collaborative approach to consumption and use (such as bike and car sharing), which also characterizes social media and is facilitated by it. Such an approach-one that tilts behavior toward sustainability-is particularly appealing in a precarious economy, so it's perhaps unsurprising that collaborative programs have caught on in the past five years.
Until recently, less attention has been paid to this rising trend, which takes its cue from and incorporates information technology, design, and operational innovations to dynamically improve efficiency and change behavior by providing options for new ways of communicating and working. Taken together, these innovations have recently been dubbed the "cleanweb. "
Sunil Paul, a leading Silicon Valley investor and entrepreneur, has defined cleanweb as "a category of clean technology that leverages the capability of the Internet, social media, and mobile technologies to address resource constraints. " 7 Recent Cleanweb Hackathons have convened people with diverse talents in cities around the world to create sustainable information-technology-based solutions.
Extending this model, car sharing and carpooling services such as Zipcar, RideShare.com, and iCarpool.com, and others around the world, use information technology and social networking to allow people to increase the number of riders per car or even eliminate one or more cars they own, creating a greater impact than simply buying a new, more fuel-efficient car.
Companies such as Opower are helping both utilities and home energy users save energy by combining intuitive reporting with tools like social games that allow users to compete with friends to see who is using the least amount of energy, apps that allow users to program thermostats from their smartphones, and real-time energy alerts, among other innovations.
Because social networking connects people, it can promote sustainability dynamically. For instance, in a disaster, social media has the potential to facilitate the collaborative, self-organizing impulse of people and communities from the bottom up. Likewise, car-or bike-sharing services-facilitated by social media-can help people live differently and more sustainably.
Resilience Imperative for Sustainable Development
As important as techno-efficiency may be to building a sustainable 21st century, the changing nature and variety of emerging risks-from climate, to energy and resource depletion, to financial riskssuggest an important role for multifaceted innovations that enhance eco-social resilience as well.
If recent disasters have shown anything, it is that effectively managing risks and developing resilience likely will require a radical shift away from conventional top-down, centralized approaches, which can be ineffective or even counterproductive, toward a much more flexible, decentralized approach to planning and crisis response. Social media can help effect such an approach to disaster adaptation, response, and recovery.
The Case of Haiti
Consider a recent Tulane University study on humanitarian aid to Haiti after the 2010 earthquake disaster, which found that in spite of billions of dollars in aid, "humanitarian assistance provided by the national and international community did not make a detectable contribution … and in some instances, may have been associated with undesirable outcomes. " 8 Those surveyed reported that there was "little or no information exchange between the international community tasked with the humanitarian response and Haitian nongovernmental organizations (NGOs), civil society, or affected people and communities themselves. " Could a top-down approach have exacerbated a situation that may have benefited from a more distributive communications platform?
While the number of Haitians who have access to social networks via computer is understandably low, notably, approximately 85 percent have access to cell phones, by some estimates. Shortly after the earthquake, Mercy Corps, a Portland-based NGO, began working with telecommunications operator Voilà and financial services provider Unibank to develop a mobile money system that allowed Haitians to be paid with electronic credits via cell phones, for rebuilding work.
Such innovations suggest new approaches to sustainable development that leapfrog older, centralized communications and energy infrastructure of industrialized nations in favor of a distributive framework, which has the potential to significantly lower infrastructure costs while promoting community cooperation and resilience. Indeed, new distributive technologies, like cell phones (or solar panels), sometimes penetrate more easily in developing countries, which may not carry the baggage of aging, centralized infrastructure. Such examples point to a growing opportunity for social media, which could be complemented by training journalists, NGOs, and civilians in more effective use, especially during times of crisis and in developing countries.
The Business of Supply Chains
The rise of social media presents significant challenges, risks, and opportunities for large businesses with long supply chains in addressing sustainability.
As Forbes writer Richard Howells pointed out in 2011, early forays by large companies into the social media sphere were largely focused on business-toconsumer (B2C) communication to promote their brands and market products. This has been true of supply-chain managers as well, hardly surprising given the ever-growing pressure on companies for greater transparency, which social media can exacerbate by allowing or even encouraging comments and scrutiny from all directions. 9 As companies like Walmart, Nike, and Apple have discovered, brand and reputational erosion from both social and environmental concerns throughout the supply chain can be both significant and persistent.
But, as Howells writes, companies also increasingly are using social networks for more business-tobusiness (B2B) processes, to listen to and collaborate with suppliers, outsourced manufacturers, and consumers.
Going far beyond more conventional social media platforms like Facebook and Twitter, the new open supply chain website Sourcemap is an innovative example of how such collaboration might occur. By allowing companies to input data about their suppliers, the site maps complex supply chain networks to visualize weak links, vulnerabilities, and opportunities-and even to show companies who their suppliers actually are, especially deeper down the chain. Such collaboration is likely to be an increasingly important component of managing sustainable supply chains, as businesses begin to integrate the need for climate and resource resiliency into supply chain risk assessment.
Supply Chain Vulnerability
In 2011, an unceasing torrent of rain soaked Thailand over the course of many months. The resulting floods were a humanitarian disaster, killing more than 500 people and leaving thousands more homeless.
But the flooding was also a landmark example of the vulnerability of global supply chains in an era of increased climate disaster and other risks. With 40 percent of the world's hard drives produced in Thailand and 1,000 factories closed due to the floods, global hard-drive production was decimated, causing serious price spikes. Car manufacturers were affected as well; at one point Toyota was forced to close three facilities that were responsible for producing as many as a half a million cars annually. 
Convergence
While it is impossible to attribute any one event to climate change, scientists predict an increase in extreme weather events, which means that crises such as the Thailand floods will happen with increasing frequency.
In the future, global physical supply chain risks will not be limited to climate disasters, but are likely to include energy price volatility, supply uncertainty, and water scarcity, as well as increased systemic financial risk. Whether or not the current globalized model of just-in-time production can even survive these challenges in its current form is an open question.
But even as these risks threaten to wreak havoc on the physical supply chains of a globalized economy, the rise of social media offers the promise of a new kind of globalization-the globalization and democratization of information.
One example of how this shift might occur is smallscale additive manufacturing or 3D printing, a process for manufacturing objects from digital plans using a small desktop-sized machine. Once the machine has the plan, it lays down layers of liquid or powder to fabricate the object-a process that much more efficiently uses materials than subtractive large-scale manufacturing or machining in which objects are usually cut out of materials.
What once cost hundreds of thousands of dollars can now be purchased for thousands or even hundreds of dollars, depending on the capabilities of today's 3-D printers. In an era of rising energy prices, unstable climate, and increased risks to long supply chains, localized, distributed 3-D printing for efficient production of customized products is just one example of how globalized sharing of information, design, and innovation could reshape the old model of long supply chains and make manufacturing both more efficient and resilient.
Distributed Financing
Formlabs, one of the most recent 3-D printing startups, recently achieved a milestone by developing a machine that costs only $2,500, a fraction of the cost of similar products. The company then secured startup capital on Kickstarter-a crowdfunding site that itself represents a potentially revolutionary application of social networking with direct consequences for sustainability.
Crowdfunding, in which a project or venture is funded by using the Internet to raise small amounts of money from a large number of people, got a big boost in April of 2012, when President Obama signed the Jumpstart Our Business Startups (JOBS) Act into law-allowing entrepreneurs to raise up to $1 million of startup money from accredited crowdfunding platforms. Unlike Kickstarter, which functions strictly through donations, these new sites allow small, unaccredited investors to support projects they believe will be profitable.
In an era of mounting distrust of large financial and other institutions, as well as disillusionment with traditional sources of capital, crowdfunding provides a way for development, aid, and nonprofit organizations, along with social enterprises, to launch important projects at all scales.
Gaps and OpportunitiesResilience Revisited
During Hurricane Sandy, widespread loss of power meant that availability of conventional mass communication-from Internet to telephone to television-all but disappeared for millions of people at a time when notifications were most needed and the desire to know what was happening was most acute. This was particularly true for those in places most severely affected by prolonged power outages or most exposed to the direct destruction of the storm surge-those very people who most needed information on where to go for shelter, water, power, or other basics.
However, amid the confusion, new patterns of crowdsourced communication emerged, including a surprising synergy between radio (embodied most particularly in the reporting of the NPR local affiliate, WNYC, and the talk show host Brian Lehrer) and social media platforms such as Twitter and Facebook, highlighting the now all but indispensable, if still evolving role, of social networking in human communications.
At the same time, iconic images of people walking dozens of blocks to charge smartphones bore witness to the reality that the effectiveness of this ad hoc network was anything but comprehensive. For residents of lower Manhattan, the contrast between bustling midtown and their darkened part of the city bore comparisons to the stark contrast between former East and West Berlin.
The fact that many of the most afflicted areas (and the longest without power) in other parts of the city were also among the poorest communities was dispiriting as well, and a clear example of the way in which short-term resilience, long-term sustainability, and social justice are inseparably interconnected issues.
Ultimately, without provisions to charge a smartphone, even the most sophisticated social media network is useless. Even as planners and policymakers begin to debate the merits and costs of large flood- gates and bulkheads, it would be wise to remember that without communications, responses are hindered and confusion reigns; whereas in the midst of disaster a few tweets or a Facebook post can stave off despair. In this context, compared to big ticket proposals, it would seem that providing for the greater resilience of social networks could be one of the most cost-effective solutions.
For example, ensuring that cell phones and computers can be charged would be especially helpful and could be done through the distribution of small, portable, ecofriendly charging units (perhaps powered by the sun or hand cranks) or through setting up relatively safe charging sites in advance of disasters and widely communicating their locations before crises occur.
Sustainability without attention to the likelihood of risk and the need for resilience is a sort of oxymoron, while any conception of resilience that discounts sustainability is at best a short-term and short-sighted solution.
In short, sustainability without attention to the likelihood of risk and the need for resilience is a sort of oxymoron, while any conception of resilience that discounts sustainability is at best a short-term and short-sighted solution. For all the talk of infrastructure and new technologies, the sustainability and resilience of human communities is ultimately about people.
Cooperation is a profoundly human behavior, never more so than during a disaster. Events like Sandy offer an opportunity to think about how more effective communications can facilitate cooperation and ultimately, human connection, at a time when the amount of energy needed to charge a smartphone can mean the difference between being connected and being alone in the dark.
To further the discussion on the nexus of sustainability and social networking, including the important notions of risk and resilience, Sustainability: The Journal of Record (SJoR) editor Jamie Devereaux interviewed Ann Goodman and Lakis Polycarpou. An excerpt of the discussion follows.
SJoR: Let's start with the theme: the concept of sustainability and the need to evolve the term, and discourse around it, to incorporate risk management and resilience planning-specifically by way of social media. What was the impetus to this idea and do you feel it is a natural evolution for the sustainability framework?
Lakis Polycarpou: This idea began to come together last summer. Ann and I had both been doing some work, separately, on the issue of disaster risk, specifically with some professors at the Columbia University Earth Institute who were dealing with various aspects of disaster risk from the climate side and water side. At the same time, we had been doing research on social media, and I was implementing a social media outreach program for the Columbia Water Center at that point, and we began to see that there was a lot of synergy between these different ideas. And then, of course, Sandy came along.
Ann Goodman: Yes, natural disasters seem to have awakened more of an interest in the human condition of facing risks and facing uncertainty. So in terms of sustainability, risk and resilience are really key variables because we are seeing inevitable changes in the three critical components of sustainability-economy, environment, and society. We both agree this is especially true when it comes to climate change because there are clear shifts in weather patterns that people cannot help but to notice, and awareness has risen considerably.
We were individually and together thinking about the use of social media to help to mitigate some of the pain of disasters. And I had been recruited to give talks in the United States and internationally on sustainability and social networking, so I became increasingly interested. We were both very tuned in to how social media might help with resilience in disaster cases, particularly as connected with climate change.
SJoR: Do you think resilience is a natural evolution to bring into sustainability discussions due to people being forced into new situations from climate change?
Ann Goodman: Climate change is definitely driving it, but so are other factors of uncertainty, like the economy, for example, which we also bring up in this article. It is uncertainty on a lot of different levels that is helping to drive this greater awareness of risk and need for resilience.
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Lakis Polycarpou: There are so many converging potential risks that it is hard to assess how any of these things are going to interact and what exactly the outcome is going to be. We have seen, in the last few years, the economic crisis, which made a lot of things difficult in terms of investment in all areas, but especially for infrastructure and alternative energy and clean technology. A lot of what we are looking at here in terms of resilience and social media is that both of them imply a movement from a static, one-to-one paradigm into a more dynamic network paradigm that arises from the recognition of the need to be nimble and responsive to risk and uncertainty.
SJoR: In your discussion around social networking and its ability to promote sustainability dynamically, some examples you cite are around disaster management and crowdfunding. Is social media the key to embedding sustainability into our culture?
Ann Goodman: Social media is already playing a huge role in how we communicate. All you have to do is witness a day or two when you cannot access communications that way, and you realize how dependent you are on it. Both of us, because we live in New York, had that experience during Sandy. It is clear that social media is already deeply embedded in communicating. In terms of sustainability, there is definitely opportunity to expound on the concept through social media and through social networks.
Lakis Polycarpou: If you look at social media as part of this bigger Web 2.0 transition that began a few years ago, there are a lot of innovative possibilities, and we mention some of them here-things like car sharing or competitive monitoring of your energy consumption. You will see people using existing platforms in creative new ways. For instance, there was someone in New Jersey who was starting a Jersey Shore Facebook journal during the hurricane to get information out.
SJoR: You discuss multiple private companies and websites, such as RideShare. com and Opower. In the future of the sustainability framework, what role do you see the private sector playing?
Lakis Polycarpou: The interesting thing about social media and information technology solutions or approaches to sustainability and resilience is that they have, inherently, a lower barrier to entry than the more traditional big infrastructure projects. As a result, they allow for more rapid innovation and a lot more small entrepreneurship opportunities. It is promising to have the opportunity for the rapid iteration of potential solutions.
Ann Goodman: Crowdfunding is an excellent example of social media allowing small ventures to build businesses and to become part of sustainability. We think it really has the power to be a game changer in that it brings in more people-both entrepreneurs and investors-to actively revive the economy, which is another building block of sustainability. Once the JOBS Act gets going in full force, it has the potential to level the playing field, which would, in itself, boost sustainability.
Lakis Polycarpou: Yes. Crowdfunding is an example of how social media and social networking can facilitate a more distributed, equitable, and sustainable system for meeting human needs.
SJoR: I found this statement especially astute: "Sustainability without attention to the likelihood of risk and the need for resilience is a sort of oxymoron, while any conception of resilience that discounts sustainability is at best a shortterm and short-sighted solution. For all the talk of infrastructure and new technologies, the sustainability and resilience of human communities is ultimately about people." Could you discuss this further? Perhaps expound on the idea that the ultimate tie between the sustainability framework and resilience is people themselves.
Ann Goodman: That assertion is partly a reaction to some who have set up what we think is a false dichotomy between sustainability and resilience. Lakis Polycarpou: To put it into context, I'll bring up Superstorm Sandy. The human response of people getting out in the streets and talking to each other and figuring out where something was needed and what was needed, it really was a great example of how whenever we are talking about these issues, we need to keep coming back to what's really needed for people.
Ann Goodman: A disaster like Sandy brings that very much to the forefront. The point is that sustainability is ultimately about human survival-we have to support our environment, our society, and the social structures that protect us.
Lakis Polycarpou: The other thing that is interesting when you are talking about social media and social networking is the opportunity to respond to patterns of consumption without creating any new technology and while also meeting people's needs. Car sharing is an example of this collaborative consumption that both builds community and reduces consumption.
SJoR: Even after decades of research and one solidly agreed upon definition, 1 a lot of discussions around sustainability include the terminology-do you think this is beneficial for sustainability as a framework?
Ann Goodman: The term sustainability is very abstract, and so it invites a lot of discussion and discourse. Language is always evolving and so is our lexicon and so is any term, especially one like sustainability. The evolution depends on how the words are being used and how cultures are interacting, whether those cultures are political or regional or even corporate. Language, in general, is always in a state of flux, especially a term like sustainability, which just invites a lot of conversations. I think that it is fine. It is fine that there is conversation about the term sustainability, especially if it includes more people and groups who haven't had a say so far, and as long as the conversation does not interfere with actually doing something to improve our conditions. Lakis Polycarpou: I agree and I think that bringing risk and resilience in as concepts is really important and a natural thing to happen at this point, given all of the risks that we are facing.
Ann Goodman: The dynamism that you see in the changing meaning of the term reflects changes that are going on in the real world. We could go into very philosophical conversations about it, but as long as it comes back to our changing reality and how to handle it better-which is what resilience is about-then that is a healthy kind of discussion to have.
